investigated five to six years after gastric surgery. All agree that the incidence of low serum vitamin B12 levels in these patients increases with time after surgery. Subnormal serum folate levels were found in nearly 40% (32) of 81 patients investigated from one to eight years after partial gastrectomy. In only 6 patients, however, was the serum folate level in the range found in severe folate deficiency. Whiteside M G, Mollin 109, 545 Mr Charles G Clark (Department ofSurgery, University ofAberdeen) Postgastrectomy Bone Disease Osteomalacia has been recognized as a rare complication of partial gastrectomy, but only recently has it become apparent that a disturbance of calcium metabolism is common in patients after gastrectomy (Jones et al. 1962 , Clark 1963 . Nickolaysen & Ragaard (1955) showed that after gastrectomy many patients are in negative calcium balance. Prolonged negative balance depletes the skeleton of calcium, and some years after operation these patients might be expected to show radiological evidence of this. Demineralization of the skeleton is difficult to measure but the radiological method of Bamett & Nordin (1960) provides a convenient technique for survey purposes. This is based on a scoring system using standard X-rays of the hand, femur and spine. The hand and femur scores are derived from a ratio of cortical to total bone width and these when added together are described as a peripheral score, the measure of bone density used in this study.
This technique has now been used to examine 150 patients -who had undergone Polya gastrectomy. They were drawn from two out-patient screening surveys. There were 51 patients operated on between the years 1945 and 1955 from one of the surgical services and representative of a larger group of unselected patients, all of whom had had Polya gastrectomy ). The second survey was carried out by medical students as part of a vacation exercise (Amar et al. 1964) when an attempt was made to trace all patients with peptic ulcer treated by gastrectomy during the years 1948-50. Some patients were common to both groups but the second survey provided 99 further cases for consideration. All patients were in the age group 40-65 years and the results of the radiological screening procedure showed that 18 % of the gastrectomy patients had diminished radiological bone density.
Barnett & Nordin (1960) described their scoring system as an osteoporotic index, but the abnormality seen in the gastrectomy patients could also be due to osteomalacia, which in the early stages can be difficult to differentiate from osteoporosis. In osteomalacia there is an associated biochemical disturbance characterized by a lowered serum calcium and later a fall in serum phosphorus. The reduced calcium x phosphorus product leads to inefficient calcification of newly formed osteoid, and increased osteoblastic activity is reflected in a raised serum alkaline phosphatase. In osteoporosis there is no associatedbiochemical disorder and though it may be primarily a disease of the protein matrix of bone rather than of the mineral component, nevertheless there is good evidence that it results from prolonged negative calcium balance (Nordin 1963). Steatorrhoea is common after Polya gastrectomy and Butler (1961) has shown that it may affect as many as half the patients. In idiopathic steatorrhoea osteoporosis and osteomalacia are not uncommon complications, and the question arises whether bone disease after gastrectomy is related to steatorrhoea. A group of 24 patients was investigated and the results give an indication of the nature of the disease. These patients were drawn from the two screening surveys and from patients referred by colleagues. The criterion for inclusion in the investigation was either a raised serum alkaline phosphatase in the absence of liver or renal disease, or an abnormal peripheral score on X-ray. The following measurements were used for all patients: (1) Serum calcium, phosphorus and alkaline phosphatase. (6) Calcium infusion test (Nordin & Fraser 1956) .
From an analysis of the results the patients could be placed in three groups: Group 1: There were 8 patients who showed the classical biochemical disturbance of osteomalacia. All had a low serum calcium, a low calcium x phosphorus product, reduced twenty-four-hour urinary excretion ofcalcium and marked retention of calcium on the infusion test. The serum alkaline phosphatase was always elevated and all showed diminished bone density radiologically. Group 2: There were 9 patients who showed diminished bone density, but normal serum chemistry, including the serum alkaline phosphatase. In 7 men the calcium infusion test was normal, but in the 2 women it showed abnormal retention. In one woman the serum alkaline phosphatase was 12 K-A units; Dent & Harper (1962) have suggested this may be abnormal in the female. The possibility exists that this patient may have had an early degree of osteomalacia but the remainder are better classified as osteoporosis.
Group 3: In this group there were 7 patients who had a modest elevation of the serum alkaline phosphatase but a normal peripheral score. Though the serum calcium was within normal limits the calcium x phosphorus product was low with 2 exceptions. The calcium infusion test showed abnormal retention in all cases except one and we thought that these patients suffered from osteomalacia, as shown by the calcium infusion test and the raised serum alkaline phosphatase, but it was not yet sufficient to be demonstrable radiologically.
Steatorrheea was demonstrated in several patients in each group. It appeared more prominent in Groups 1 and 3. Xylose absorption was also impaired in these two groups but was relatively normal in Group 2.
These findings indicate that the bone disease in patients after gastrectomy may be either osteoporosis or osteomalacia, osteomalacia being more common. This does not preclude the possibility that the patients diagnosed as osteomalacia may show a mixed picture. The relationship to malabsorption is not clear, for it is common in all groups, but the abnormal xylose absorption in those with osteomalacia perhaps implies a more severe absorptive defect than in patients with osteoporosis.
The xtiology of this condition is not known. The diet of gastrectomy patients has been examined and the daily calcium intake in 44 patients was found to be less than 750 mg/day in .30 %. No clear indication of vitamin D deficiency was found in this survey when compared with diets from a control population. No clear correlation was found between the dietary calcium and bone disease, but the numbers may have been too small for this purpose. While inadequate diet may play a role in the development of calcium deficiency, some other factor, or factors, is also present. The possibility that these patients suffer from idiopathic steatorrhcea has been excluded in a study ofjejunal biopsies (Scott et al. 1964 ).
The incidence of postgastrectomy bone disease is variously reported and depends upon the criteria used to define it, and the interval after operation at which the study is performed. Ten to fifteen years after operation 18 % of patients show diminished bone density on X-ray and if the serum alkaline phosphatase can be taken as an index of osteomalacia, 15% have abnormal values. Perhaps the most accurate way to express the incidence is that 22 % have one or other or both of these abnormalities. The incidence increases the longer the post-operative interval but several cases have been detected as early as five years after surgery (Jones et al. 1962) .
The population at risk numbers many thousands, and the procedure to be instituted to detect these patients needs consideration. Osteomalacia is one of the numerous complications to which a patient is prone after gastrectomy and the routine yearly review ofthese patients becomes increasingly necessary. The numbers are so large, however, that they may swamp normal out-patient clinics.
The expectation that now the condition is better appreciated we may expect a satisfactory rate of detection is not borne out by previous experience. Anmemia is a well-recognized hazard after gastrectomy, yet in a recent review 20% of the patients were found to have haenoglobin levels less than . 1964) . The patient himself is partly to blame for he tends to avoid the doctor's surgery. The clinical manifestations of postgastrectomy bone disease are so protean that it is often attributed to rheumatism or fibrositis. Clearly the problem of supervising the patient who has had a gastrectomy demands organization and some resource. Osteomalacia can be treated, and the need for early detection is emphasized by the prolonged treatment required for the well-established case. Prophylaxis is important and the surgeon has already turned to less radical ulcer operations, such as vagotomy with some form of gastric drainage procedure, or vagotomy with less radical gastric resection and restoration of gastrointestinal continuity by a gastroduodenal anastomosis. It is by no means certain that this will avoid the complication of osteomalacia, though it seems likely that the incidence after such procedures will be very much less.
Dr C C Booth, Dr M C Brain and Dr K N Jeejeebhoy (Postgraduate Medical School ofLondon) Hypoproteinsemia after Partial Gastrectomy The previous two papers have demonstrated that anwmia and bone disease are common after partial gastrectomy. In fact, apart from the aged, patients with partial gastrectomy are probably the worst-nourished individuals in this country. Hypoproteineemia is an extremely rare nutritional deficiency in countries where there is an adequate supply of first-class protein in the diet, yet it too occurs in an appreciable proportion of patients with partial gastrectomy and in some patients may be a serious nutritional problem. This paper deals first with the incidence of hypoproteinemia after gastrectomy; we shall then describe the results of 1311-labelled albumin studies, the measurement of protein absorption and the responses to treatment. Fig 1 shows the serum protein levels in a series of 101 patients with a partial gastrectomy. The total serum proteins were below the normal range in 10 patients, one or two being extremely low.
Incidence ofHypoproteinamia
The serum albumin concentration in 65 patients is also shown in Fig 1. Six of these were subnormal, an incidence of hypoalbuminmmia in this series of about 10%, a far higher incidence than in previous studies in which the serum proteins have been normal or only slightly reduced (Watt et al. 1960 , Postlethwait et al. 1961 ).
Hypoanabolic Hypoproteinaemia
In recent years it has been shown that in many gastrointestinal diseases hypoalbuminmemia is due to a leakage of albumin into the lumen of the gut from diseased or ulcerated stomach or intestine, a condition which is usually known as 'proteinlosing gastroenteropathy' (Lancet 1959) . This is the common cause of hypoalbuminmmia in Crohn's disease or ulcerative colitis (Steinfeld et al. 1957 , Holman et al. 1959 , Jarnum 1963 . After partial gastrectomy, however, there is no loss of protein into the gut and the defect is a failure of synthesis of albumin by the liver. This has been demonstrated by Jeejeebhoy (1964), using '31I-labelled albumin and the resin technique described by Jeejeebhoy & Coghill (1961) , which makes it possible to determine the net synthesis of albumin (Mathews 1961) as well as the amount of albumin broken down within the body (endogenous catabolism) or within the gastrointestinal tract (exogenous catabolism). Table 1 shows the results of such a study in a patient with a partial gastrectomy and hypoalbuminemia. There is no increase in exogenous or gastro-intestinal catabolism, no loss of albumin into the gut, but the hypoalbumineemia appears to be due to a marked defect in hepatic albumin synthesis. This is quite different from the situation in the patient with protein-losing enteropathy in
